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(54) 

(57) An apparatus conprises an Si-disposing sec- 
tion in wtiich solid Si is disposed: a seed-crystal-dispos- 
ing section in which a seed crystal of SiC is disposed; a 
synthesis vessel adapted to accommodate the Si-dis- 
posing section, the seed-crystal-disposing section, and 
cartxm; heating means adapted to heat the Si^Jisposing 
section and the seed-cryslal-disposing section; and a 
control section for transmitting to the heating means a 
command lor heati ng the Si to an evaporation tempera- 
ture of Si or higher and heating the seed crystal to a 
tenperature higher than that of Si; wherein the Si evap- 
orated the heating means is adapted to reach the 
seed-cryslal-disposing section. 
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Description 

pArirnRntJNDQFTHEl 
FiaiHnfttie Invention 

[00011 The present invention relates to a method of 
making an SiC single crystal and apparatus for making 
an SiC single crystal in which high-quality SiC suitable 
for senticondudor electronic components is grown. 

Rftlated Bac kground Art 

[00021 Being a material excellent in resistance to 
chemtoals such » ackis and alkalis, less likely to be 
damaged by hiflh energy radiatfon. and yieWing a high 
durability. SiC has been used as a semfconductor mate- 
rial. . . 

[00031 inorderforSiCtobeusedasasemioonducior 

material, it is necessary to obtain a highK^uality single 
crystal thereof having a certain order of dimensions. 
Conventfonally utilized as a method of growing an SiC 
single crystal of the aimed scale is Acheson method 
enploying a chemical reaction or Leiy me*hod employ- 
ing suWimation/recrystairization technique. 
[00041 in particular, as a m^od of growing a bulk of 
SiC single crystal, Japanese Patent PiA)iication No. 59- 
48792. for exanple. discloses socalled modified LeIy 
method in which, in a crucible made of graphite, an SiC 
single crystal of appropriate dimensions is used as a 
seed crystal, and material SiC powder is sii>limed m an 
atmosphere under a reduced pressure, so as to be 
recryslallized on the seed crystal, whereby an SiC sin- 
gle crystal of the aimed scale Is grown. 

.Ql IMMARY Q P THF ItWENTION 



[00051 Of the above-mentioned conventional meth- 
ods, the Acheson method heats a mixture of silica and 
coke in an electric furnace and deposits the crystal due 
to naturally occurring nudeatfon, thus yIeWing a large 
amount d impurities and making it diff icult to control the 
form of resulting aystal and crystal faces, whereby it is 
hard to produce high-quality SiC single crystals. 
[00061 Also, in the case where an SiC single crystal IS 
made by the LeIy mrthod. since the crystal is grown due 
to naturally occurring nudeation. ft is difffcult to control 
the form of crystal and crystal faces. 
[0007] On the other hand, an SiC single crystal having 
a considerably good quality can be obtained in accord- 
ance with the invention disclosed in the above-men- 
tioned Japanese Patent Publication Na 59^792. 
which belongs to the modified LeIy method. When the 
SiC single crystal is obtained by this method, however. 
SiC crystals naturally occur from the graphite cructole 
during the crystal growth period. Using these SiC crys- 
tals as nuclei, crystals rapWIy grow and inhibit the crys- 
tal growth from ttie seed crystal, thus making ft diff icuft 



to yieW a crystal wfth a high homogenerty. 
ipooq Further, there is a problem that, under the influ- 
ence of heat radiation, the temperature of the upper 
face of the material becomes higher than that wrthin the 
5 material, whereby the amount of sublimation is large at 
the eariy stage of growth and gradually decreases as 
the surface is graphitized. In order to overcome this 
problem. Japanese Patent Application Laid-Open Na 5- 
105596 proposes to make a material contain caibon 
10 and further form a surface portion of the material wfth a 
layer containing carbon, thereby preventing heat radia- 
tion from occurring from the upper part of the cnidWe. 
Even in this method, however, ft is difficult to dfect such 
control that the material consislenfly reaches ttie seed 
15 aystal under the same vapor pressure during the syn^ 
ttiesfe. whereby the production off a high-qualfty SiC sin- 
gle crystal cannot be expected. 
[00091 Mso, tiie area where the material is siWimed 
upon heating by ttie heat conduction or heat radation 
20 fromthecrndblegraduallyexpandsfromttiematerialin 
the vfcinrty of the part in contact wfth the side face or 
bottom face of the crucWe to the material located at the 
center part Since ttie part of material in the vfcinfty of 
the sWe face or bottom face of the cmcWe sublimed in 
2s the eariy stage changes into highly heat-insulating soot- 
like powder as the siibUmation area expands, however, 
the heat conduction and heal radiation to the material at 
the center part wouW decrease <lrastically. whereby tifie 
sublimation of the material at the cent^ part may dimin- 
30 ish suddenly or fail to occur. In particular, for synthesiz- 
ing a single crystal having a farge area, the cruaWe for 
charging the material is reqiared to have a farge diame- 
ter as well, whereby the radial alteration of material 
wouM be a severe problem. Though the growth appara- 
35 tusdisdosedinJapanesePatentApplicationUklOpen 
Ho. 5-58774 aims at uniformly heating the material by 
inslaUing a heal conductor wrthin the crucible, ft cannot 
restrain the SiC material from subliming so as to change 
into soot-like powder, thus failing to keep crystallizing 
40 speed from Changing over time in principle, whereby the 
manufacture of high-quality SiC single crystal cannot be 
expected in this apparatus, efther. 
[00101 Fig. 5 IS a graph showing vapor pressure 
curves of carbon (C) and SiC, in whfcti the ordinate (on 
45 a togarittimic scale) and the abscissa indfeale pressure 
(Pa) and tenperature C*C). respectively. As shown m 
Fig. 5. ttie vapor pressure of Si is higher ttian ttiat of 
SiC2 or SiaC occurring during ttie generation of SiC by 
one digrt. For enhancing ttie SiC-fonning speed, ft is 
50 necessary to supply a sulfffcient amount of Si and C to 
the seed crystal. In ttiis case, however, ttiere is a prob- 
lem ttiat if ttie material temperature is raised so as to 
increase ttie partial pressures of SiCg and SigC. which 
have low vapor pressures, in order to suff icientiy supply 
55 C ttie partial pressure of the Si system will be so high 
ti^ ttie stoichiometry (stoichiometrk; composrtion) of 
ttie materfal and synttiesized crystal may shift 
[00111 WO9713013A dfectoses an epftaxial growtti 
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method in which a high-speed jet of silane gas is 
sprayed onto an SiC sObstrale wHhin high-tennpeiature 
hot walls. The SiC sintf e crystal can be grown at a high 
speed in this technique. Since Si is supplied by a gas. 
however, there occiffs a problem that hydrogen etches 5 
SiC within the high-temperature hot walls. Also, the 
silane gas may fonii particles in the vapor phase, thus 
contaminating the inside of the apparatus and degrad- 
ing the SiC single crystal. 

IQ0121 Rg. 6 shows the temperature dependence of Si 10 
partial pressure In a major reaction In which SIC grows 
in thenml CVD Of SiC. Rom this graph, it can be seen 
that, as the hydrogen partial pressure rises, the reverse 
reaction for SiC growth proceeds, whereby SiC is 
etched. h4amely. when the hydrogen partial pressure is is 
high. It becomes difficult to form a highnqualily SiC sin- 
gle crystal. 

[001 3] In view of such conventional problems, it is an 
abject of the present inveitlion to provide a method of 
making an SiC single crystal and an apparatus for mak- 20 
ing an SiC single crystal in which a high-quality SiC sin- 
gle crystal can be obtained. 

[0014] In Older to overcome the above-mentioned 
problems, the present invention provides a method of 
making an SiC single crystal, the method comprising a 25 

disposing step of disposing solid Si with In a first tem- 
perature area and disposing a seed crystal of SiC 
within a second tenperature area Tg that is higher than 
the first temperature area Ti ; an Si-evaporating step of 
evaporating Si from the first temperature area Ti*. an 30 
SiCforming-gas-generating step of generating an SiC- 
forming gas by reacting thus evaporated Si and carbon; 
and a single-crystal-fonning step of causing the SiC- 
torming gas to reach the seed crystal so as to fbnn the 
SiC single crystal. . ^ ^ 

[OOiq First, in the method of making an SiC singje 
crystal in accordance with the present invention, solkJ Si 
is evaporated as being heated by the first temperature 
area T^. Here, as the temperature of the first tempera- 
ture area Ti is regulated, the partial pressure of SI can 40 

be adjusted. Subsequently, thus evaporated Si is 
reacted vwth carbon, virtiereby an SiC-fomning gas is 
generated. As the SiC-lbnning gas reaches the seed 
crystal of SiC. the SiC sintf e crystal is formed. Here, » 
the partial pressure of carbon to corrtbine with the evap- 4S 

orated Si is made substantially the same as the partial 
pressure of Si determined by the tenperature of thefirsl 
tenveralure area Ti. a Wgh^iuality SiC single crystal 
can be obtained. 

[0016] Also,sinceasoridsourceofSiisused.thepar- so 
tial pressure of hydrogen in the atmosphere deaeases, 
thereby eliminating the problem that the SiC single crys- 
tal is etched. Further, since unstable gases such as 
silane are not used as the SiC source, there would be 
no problem of partfcles being fomied upon decomposi- 55 
tion of the gases in the vapor phase. As a consequence. 
SI can sufficiently be supplied, so as to enable high- 
speed growth and make it possible to prevent the SiC 



single crystal from degrading due to the partides. 
10017] Here, it can be seen from Rg. 6 that, as the 
hydrogen partial pressure decreases, the reaction pro- 
ceeds in the direction causing SiC to grow. Since the 
fhjx amount (cm'^s^) of SiC can be cateulated from its 
partial pressure, assuming that all of the flux contributes 
to growth, it can be seen that a growth rate as high as 
several hundred ji nVh is expectable. 
[0018] Preferably, in the method of making an SiC sin- 
gle crystal in accordance with the present invention, 
solid carbon is disposed m a third temperature area T3 
at a tenperature higher than that in the second temper- 
ature area in the disposing step; the Si-tonrang gas 
is formed by causing the Si evaporated in the Si-evapo- 
rating step to pass through the third temperature area 
T3 and react with caibon in the SiC-fbrniing-gas-gener- 
ating step; and the SiC-fonrong gas is caused to reach 
Ihe seed crystal in the single-crystal-fbnwng step to 
fonn the SiC single crystal. 

[0019] ftonely, in this case, the partial pressue of Si 
can be adjusted by regulating the temperature of the 
first tenperature area Ti, and the partial pressure of 
carbon can be made substantially the same as that of Si 
by regulating the temperature of the third temperature 
area T3. In general, in ord«r for the partial pressure off 
caibon and the partial pressure of Si to become identi- 
cal to each other, it is necessary for carbon to have a 
tenperature higher than that off Si. Here, since the tem- 
peratures of Si and caibon are raised independently of 
each other, a sufficient amount off carbon can be sup- 
plied to the seed crystal virfiile suppressing the amount 
of evaporation of Si. As the seed crystal, a single crystal 

substrate of SiC may also be used. 
|q020] Fig. 7 IS a graph showing the respective vapor 
pressure curves of Si and C. In which the ordinate (on a 
logarittimic scale) and the abscissa indicate pressure 
(Pa) and tenperature (»C) . respecliveiy. As can be seen 
from Rg. 7, as Si virfiich can yield a suff idenl vapor pres- 
sure at 1 400»C and w& is caused to pass through the 
area of C (graphrte) heated to 2000^C or higher, the SiC 
single crystal can be synthesized with a favorable con- 
trollability. . 
[0021] Also, highly pure materials are ineocpensiveiy 
available for solid Si and C (graphrte). whfch are raw 
materials, respectively. Therefore, the concentration of 
iirpurities in the SiC single crystal being syrth^ed 
can greatly be kjwered. Further, since each of material 
Si and C is a single element, unlike the case using SiC 
powder, no conposition changes wouW occur during 
synthesis, wrfiereby the synthesizing condition becomes 
stable, thus allowing a high-quality SiC single crystal to 
be obtained. Also, since the materials at the time of fill- 
ing are not in the form of powder but solid (bulk) of Si 
and graphite, the filling ratio is so high that a large, elon- 
gated SiC single crystal can be synthesized. 
[0022] Silicon Carbide-1973.p- 135 (Proceedings off 
the Third International Conference on Silicon Carbide 
held at Miami Beach, RorkJa. on 17-20 September 
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1973) discloses that an SiC single crystal with a good 
quality was otjtained when the temperature of molten Si 
was 2200^0 in the state where the growth chamber in 
which SiC was formed had a temperature of 2500»C. 
The healer used in the growth apparatus disdosed in 
this literature, however, had only one zone, and the tem- 
perature of molten Si was not forcibly adjusted to but 
only turned out to be 2200»C. thus being greatly differ- 
ent from the present invention in this regard. 
[0023] Preferably, in the present invention, a shield 
made of caibon. quartz, or SiC is disposed at a bound- 
ary between Si in a liquid phase and Si In a vapor phase 
in the first temperature area T^. so as to control the 
vapor pressure of Si. Here, as carbon, glass-like carbon 
(glassy carbon) is suitable in particular, which forms an 
excellent shield without reacting with Si even at a Ngh 
temperature. 

[0024] Preferably, the above-mentioned shieW ana 
solid carbon in the third temperature area T3 are 
mechanically connected to each other, such that, as the 
shield changes its position along with a decrease in the 
amount of Si caused by evaporation of Si in the first 
temperature area T^. carbon migrates so that the dis- 
tance between the formed SiC single crystal and carbon 
is kept substantially constant. Emptaying such a config- 
uration enables an SiC single crystal to be fomied sta- 
bly for a tong period of time. 
[00251 Preferably, solid carbon in the third temperature 
area T3 is fomwd with a through hole through which 
evaporated Si can pass. Using caibon formed with a 
through hole such as capillary or slit would increase the 
area at wNch evaporated Si comes into contact with 
caibon. thus allowing Si and carbon to react with each 

other efftoiently. . 
[0026] Preferably, in the method of making an SiC sin- 
gle crystal in accordance with the present invention. Si 
and the seed crystal of SiC are disposed in a gas con- 
taining carbon in the disposing step, the evaporated Si 
is reacted with a caibon component in thegastofbnn 
the SiC-forming ge^ m the SiC-fonning-gas-generating 
step; and the Sia*)rming gas is caused to reach the 
seed crystal in the single-cryslaMbnning step, so as to 
form the SiC single crystal- 

[0027] Namely, in this case, the partial pressure of 5i 
can be adjusted by regulating the temperature of the 
first temperature area Ti. and the partial pressure of 
carbon can be made siAstantially the same as that of Si 
by regulating the amount of supply of the gas containing 
carbon, whereby a highK^ualrty SIC single crystal sub- 
strate can be obtained. Here, as the seed crystal, a sub- 
strate of singte crystal SiC may be used. 
[0028] Preferably, a shieW made of carbon, quartz, or 
SiC is disposed at the boundary between Si in the fiquid 
phase and Si in the vapor phase in the f irst temperature 
area Ti. so as to control the vapor pressure of Si. Here, 
as carbon, glass-like carbon (glassy caibon) is suitable 
in particular, which forms an occeltent shield without 
reacting with Si even at a high temperature. 



[00291 Preferably, an argon gas is used as a carrier 
gas of the Si evaporated from the first temperature area 
Ti- Using the argon gas as the carrier gas can prevent 
by-products from being generated. 
5 [0030] Preferably, in the single-crystal-forming step, 
the seed crystal is rotated at 100 rpm or over. Thus 
rotating the seed crystal at a high speed can minimize 
the film thtakness distribution and further enables high- 
speed growth. It is due to the fad that the rotation would 
10 thin the diffifiion layer of the substrate surface, thereby 
increasing the driving force for diffusfon. As a conse- 
quence, the growth rate can be increased without using 
a proximity method such as sandwich technique. 
IP031] The apparatus for making an SiC single crystal 
15 in accordance with the present invention comprises an 
Si-disposing section in wNch solid Si Is disposed; a 
seed-crystal-disposing section in which a seed crystal 
of SiC is disposed; a synthesis vessel adapted to 
accommodate the Si-disposing section, the seed-crys- 
20 taWisposing sectioa and carbon; heating meai^ 
adapted to heat the SiKJisposing section and the seed- 
crystalKlisposing section; and a control section for 
trar^milting to the heating means a command for heat- 
ing the Si to an evaporation temperature of Si or higher 
26 and heating the seed crystal to a temperatiffe higher 
than that off the Si, wherein the Si evaporated by the 
heating means is adapted to reach the seed-wyslal-dis- 
posing section. 

[0032] In the apparatus for making an SiC single crys- 
30 tal in accordance with the present invention, Si is evap- 
orated by the heating means receiving the command 
from the control section. Here, as the heating tempera- 
ture of Si is regulated, the partial pressure of Si can be 
acfiusted. Subsequently, thus evaporated Si is reacted 
35 with carbon, whereby an SiC-forming gas is generated. 
Then, as the SiC-forming gas reaches the seed crystal 
disposed in the seed-crystel-disposing section, the SiC 
single crystal is formed. Here; if the partial pressure of 
carbon is made substantially the same as the partial 
40 pressure of Si. then a high-c^ality SiC single crystal can 

be obtained. 

[Q033] Preferably, in the apparatus for making an Sio 
single crystal in accordance witii the present invention, 
solid carbon is disposed between the Si-disposing sec- 
45 tion and seed-crystal-disposing section In the synthesis 
vessel, the control section controls the heating means 
such ttiat the temperature of solid carbon becomes 
higher than that of tiie seed crystal, and the Si evapo- 
rated by the heating means is adapted to reach the 
50 seed crystal by way off the solid carbon. 

[0034] When such a configuration is enployed. tiie 
partial pressure of Si can be adjusted by regulating the 
heating tenperature of Si. and the partial pressure of 
carbon can be made substantially ttie same as that of Si 
55 by regulating the heating temperature of carbon, 
whereby a high-quaTity SiC single crystal substrate can 
be obtained. 

[0035] Preferably, the apparatus for making an SiC 
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single crystal in accordance with the present invention 
is conf igured such that the synthesis vessel is adapted 
to accommodate a gas containing cait)on, the Si evapo- 
rated Iv the heating means reads with cartx)n in a car- 
txm conponent in the gas so as to generate the SiO s 
forming gas. and the SiC-forming gas is adapted to 
reach the seed crystal. 

[00361 When such a conf iguration is employed, the 
nartial pressure of Si can be adjusted by regulating ttie 
h^ng temperature of Si. and the partial pressure of 10 
carbon can be made substantially the same as that of Si 
by regulating the amount of sipply off the gas containing 
carbon to the synthesis vessel, whereby a high-quality 
SiC single crystal substrate can be obtained. 
[0037] PreferaWyJn the apparatus for making an SiC is 
single crystal in accordance with the present invention, 
an inner face of the synthesis vessel is formed from dia- 
mond-like carbon or glass^ike carbon. This can sup- 
press natural nudeation in the inner face off ttie 
synthesis vessel, thus altowing a WgffKiuality SiC antfe 20 

crystal to be synthesized. 

[q03q Preferably, a heat shield made of graphrte is 
disposed outside the synthesis vessel. This can sup- 
press the heatdissipation caused by heat relation. 
[0039] Preferably, tfie heat shieW is made off a plurality 2s 
of rectangular graphite sheets disposed dose to eadi 
other with a gap tiierebetween. such as to yield si4>- 
slantially a cylindrical fbmi as a whole. This can sup- 
press the induced current caused by high-frequency 
heating. Further, if a plurality of such heat shields are 30 
disposed radially Of the synthesis vessel, then the heal 
dissipation and induced cun-ent can further be si^ 



[00401 The present invention will become more fully 
understood from the detailed description given herein- 35 

bekyw and the accompanying drawings which are giv^ 
by way of illustration only, and thus are not to be consid- 
ered as limiting ttie present invention. 
[0041] Furttier scope of applicability of the present 
invention will become apparent from ttie detailed 40 
descrnstion given hereinafter. However, it should be 
understood ttial ttie detailed description and specific 
exarrples, wtwle indteating prefenred embodiments of 
the invention, are given by way of illustration only, since 
various changes and modiffcationswittiin ttie spirt and 45 

scope of the invention will become apparent to ttiose 
skilled in ttie art from ttiis detailed description. 

RRIFF ngSCRI PT'^'^ 9^ ™P DRAWINGS 

[0042] 

Fig. 1 is a schematic configurational view showing 
the apparatus for making an SiC single aystal in 
accordance witti a first embodiment off ttie presert ss 

invention; 

Fig. 2 IS a sectional view of ttie apparatus for mak- 
ing an SiC single crystal taken atong ttie IHI direc- 



50 



tion; 

Fig. 3 is a schematic configurational view showing 
ttie apparatus for making an SiC single crystal in 
accoidance with a second embodiment of ttie 
present invention; 

Rg 4 IS a sectional view of ttie apparatus for mak- 
ing an SiC single aystal taken atong ttie IV-IV direc- 
tion; . 
Fig. 5 is a graph showing vapor pressure cunfes off 

C and SiC; ^ . 

Hg. 6 is a graph showing ttie temperature depend- 
ence of Si partial pressure in a major reaction in 
which SiC grows in ttiermal CVD off SiC; and 
Fig. 7 is a graph showing vapor pressure cuwes off 
C and SiC. 

nPRHRIPTION Q P THF PREFERRED EMBODI- 
MENTS 

[0043] In ttie fdtowing. preferred embodiments off ttie 
vndttiod off making an SiC single crystal and apparatus 
for making an SiC single crystal in accordance witti ttie 
present invention will be explained in detail. 

(First Embodiment) 

[0044] Fig. 1 is a view showing an apparatus for mak- 
ing an SiC single crystal 101. whereas Rg. 2 is a sec- 
tional view off ttie apparatus 101 shown in Fig. 1 tatoi 
atong ttie 11-11 direction. In ttie apparatus 101 . a crudble 
1 whichisacylindricalsynttiesisvesselmadeoffgraph- 
ite. IS constituted by an upper crudble 1a and a tower 
crudbto lb each having a cylindrical fonn. The upper 
end of ttie upper cmdWe la is dosed witti a disk- 
shaped lid 2. Inside ttie tower audble 1 b. on ttie ottier 
hand a cylindrical Si-hdding crudble 3 made of graph- 
ite is inserted so as to be axially movable witti a sli^ 
gap from ttie lower crucWe lb. The tower part of ttie a- 

hoMing crucible 3 is fixedly attached to ttie upper face off 
a disk-shaped crudble support 4. whereas ttie lower 
side face of ttie Si-hoWing crudble 3 is provided witti a 
plurality of ttirough holes 3a communtoating witti me 
above-mentioned gap. Here, ttie Si^upporting crudble 
3 and ttie crucible support 4 constitute an Snfisposing 
section. Fixedly attached to ttie center part of ttie lower 
lace off tiie crudble support 4 is a cylindrical support 
shaft 5 connected to a drive source whidi IS not shown. 

Namely, as ttie support shaft 5 moves up and down, ttie 
Si-supporting crudble 3 can move axially. Also, since 
ttie support shaft 5 has a hollow cylindrical forni. ttie 
terrperature off ttie bottom face of ttie Si-hoWing cma- 
ble 3 can be measured witti a two-temperature pyrome- 

ter 

[0045] Theinnerperipheralfacesoffttiecrudbteland 
Si-holding auciWe 3 are formed from diamond-like car- 
bon or glass-like carbon (glassy caibon) having a high 
smoottiness. Preferably, ttie inner peripheral faces of 
ttie cmdWe 1 and Si-hoWing crudble 3 have a surface 
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roughness of Rniax < 1 0 1^- 
[00461 Outside the crucWe 1. three pieces of heat 
shields 6 are disposed concentricaily. aHgning in radial 
directions of the crucible 1. As shown in Fig. 2. each 
heat shield 6 is formed by a plurality of substantially rec- 
tangular (strip^haped) graphite sheets 6a disposed 
close to each other with a gap therebetween, such as to 
yield substantially a cylindrical fomi as a whole, 
whereas the neighboring heal shields 6 are disposed 
suchlhattheirgapswould not werlap radially. Since the 
heat sWeWs 6 are not formed from caibon fber or 
porous graphite which is often used in general and 
causes inpurity contamination, there is no fear of impu- 
rity contamination. Further, as shown In Rg. 1. the 
upper end of these heat shields 6 is closed with a disk- 
shaped lid 7 fbmied from the same material. 
[00471 Outside the outermost heat shield 6. a cylindn- 
cal quartz tube 8 made of quartz is disposed concentri- 
cally with the heat shields 6. A coolant such as water is 

allowed to flow through the quartz tube 8, thus protect- 
ing the latter. Outside the quartz tube 8. RF work coils 
17a, 17b. 17c. whtah function as heating means, are 
successively disposed from the upper side so as to ena- 
ble high-frequency heating of the crucible 1. Si-hoWing 
cructole 3. and the like. Also, a control sectran 18 for 
effecting tenperature adjustment of the woric coils 17a 
to 17c is connected thereto. 

[00481 Into the crucible 1. at the upper part thereof, a 
cyfindrical seed-cryslal-supporting rod 9 penetrahr^ 
through the center parts of the Id 7 and W 2 is inserted 
so as to be axially movable. To the lower end of the 
seed-crystal-supporting rod 9, a disk-shaped seed crys- 
tal hoWer 10 is fixedly attached such as to dose the 
lower end opening thereof. To the lower face of the seed 
crystal hokJer 10. whwh functfons as a seedncryslalKJis- 
posing section, a seed ayslal 11 off SiC is fbcedy 
attached with a paste made of glucose which has been 

melted at a Wgh temperature. Since the seed-cryslal- 
supporting rod 9 has a hollow cylindrical form, the tem- 
perature of the seed ayslal 1 1 can be measured with a 
two-tenperature pyrometer. Alsa the seed-ayslal-sup- 
porting rod 9 is disposed such as to be axially rotatable 
at a speed as high as 200 rpm. TTie seed-cryslal-sup- 
porting rod 9 is constituted such as to be able to attain a 
vacuum state as a whole, together with the crucible 1. 
crucible support 4. and support shaft 5. within the range 
surrounded by the inner wall of the quartz tube 8. As the 
seed crystal, a substrate of SiC single crystal may be 
disposed in the seed crystal holder 10. 
[00491 On the other hand, an Si source 1 2 in a cylin- 
drical bulk is accommodated within the Si-holding cruci- 
ble 3. On the upper face of the Si source 12. a disk- 
shaped shieW 13 for regulating Si vapor pressure made 
of carbon, quartz, or SiC is mounted. The shield 13 for 
regulating Si vapor pressure is formed with a plurality of 
passage holes 13a axially penetrating therethrough 
such as to aUow Si vapor to pass therethrough. To the 
upper face of the shieW 13 for regulating Si vapor pres- 



sure, at the center part thereof, an auxiliary shieW 14f6r 
regulating Si vapor pressure formed from the same 
material as the shieW 13 for regulating Si vapor pres- 
sure is fixedly attached. The auxiliary shield 14 for reg- 
5 ulating Si vapor pressure is constituted by a center 
shaft, and two disks disposed near the shieW 13 for reg- 
ulating SI vapor pressure- For regulating the vapor pres- 
sure from the Si source 12. the shield 13 for regulating 
Si vapor pressure and the auxiliary shield 1 4 for regulat- 
,0 ing Si vapor pressure can control the area off the bound- 
ary between Si in the liquid phase melted at a high 
terrperature and Si in the vapor phase and control the 
diffusion of Si in the vapor phase, respectively. 
[00501 To the upper end part of the auxiliary ShieW 14 
15 for regulating Si vapor pressure, a carbon supply source 
(graphite) 15 in a cylindrical bulk form is fixedly 
attached. The carbon supply source 15 is formed with 
passage holes 15a axially penetrating ther^rough. 
thus altowing Si vapor to pass therethrough. While 
20 passing through the passage holes 15a. Si reads With 
graphite, thereby yieWing an SiC-ffbrming gas which is 
an active species for forming SiC. The descending 
movement of the carbon supply source 15 is restricted 
by a drop stopper 16fixedly disposed at the lower inner 
25 peripheral face of the upper crucible la even when the 

Si-hokfing crucible 3 falls down. 
IPOSII In thus configured apparatus 101. acoordoig to 
the command from the control section 18. healing con- 
trol can be effected such that the temperature of the Si 
30 source12issetto1300«Cto1600'>Cbytheworkcoil 
17c, the tenperature of the seed crystal 11 is set to 
2000*C to 2400*C by the wori< coil 1 7a. and the temper- 
ature of the carbon supply source 15 is set to 2300»C to 

3000«C by the wori^ coil 17b. Namely, this apparatus 
35 101 is configured such that three areas consisting off a 
tow-temperature area (first temperature area) T^ for the 
Si sowce 12. a medium-temperature area (second tem- 
perature area) Tg for the seed cryslal 1 1 . and a high- 
tenperature area (tWid temperature area) Tg for the 
40 carbon supply source 15 can be formed vwthin the cru- 
cible 1. . o ^ 
(00521 In this apparatus 101 . the through holes 3a of 
the Si-holding crucible 3 are configured such that the Si 
source 12 is melted due to a high temperature so as to 
45 partially flow out from the throufilh holes 3a and btock 
them as being solidified at the gap to the tower cmable 
lb. whereby Si vapor is efficiently guided upward. 
[p0531 WithreferencetoFig.1. a method of making an 
SiC single cryslal by using thus configured apparatus 
50 101 for making an SiC single crystal will now be 
explained. 

[00541 First, after the seed cryslal 1 1 . the Si source 
12. the carbon supply source 15. and the like were set 
to their predetermined positfons. the seed-crystal^p- 
55 porting rod 9 was moved up to lift the seed ayslal 11, 
the Si source 12 was moved down together with the Si- 
supporting crucible 3. and then ©i^acuaffon was effected 
for an hour in the space formed insWe the inner wall off 
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the quartz tijt>e 8. Subsequently, an Ar gas was caused 
to f kw into the apparatus 101 such as to yield a normal 
pressure (760 Torr) and, with coolant flowng through 
the quartz tul>e 8. the crucible 1 was set to 2800"C and 
baked for an hour, so as to effect degassing. Here, 
graphite in the carbon supply source 15 can be baked at 
the same time since it remains within the crucible 1 due 
to the drop stopper 16 of the carbon supply source 15. 
[00591 Subsequently, the Si source 12 was moved up 
together with the Si-hoWing crucible 3 so as to attain the 
state shown in Fig. 1 . the seed^rystal-supporting rod 9 
and the seed crystal 11 were moved down to a prede- 
termined position, and then, with the seed-crystal-sup- 
porting nxi 9 being rotated at 100 rpm. the control 
section 18 was operated to adjust the work coils 17a to 
1 7c such that the seed crystal 1 1 , graphite i n the carbon 
supply source 1 5. and the Si source 1 2 attained tenrper- 
alures of about 2300*0, about 2500»C, and about 
1 600*C, respectively- As the temperature setting is thus 
effected at the nonnal pressure, crystals with inferkir 
crystallinity can be prevented from growing. Also, as the 
temperatures of the Si source 12 and carbon supply 
source 1 5 are thus s^ the partial pressure of Si and the 
partial pressure of caibon in the apparatus 101 can be 
made substantially identical to each other. 
[0056] Thereafter, the pressure inside the Inner wall of 
the quartz tube 8 was lowered to 5 Ton- in the Ar gas 
atmosphere, and this state was maintained, so as to 
cause Si vapor to pass through the passage holes 13a 
of the shield 13 for regulating Si vapor pressure and fur- 
ther through the passage holes 15a of the carbon sup- 
ply source 15. thus making an SiC-fonning gas. As the 
SiC-formirig gas reached the seed crystal 11. an SiC 
single crystal grew on the surface of the seed crystal 1 1 
at a rate of 1 to 2 mm/h, whereby a bulk of SiC single 
crystal having a diameter off 2 inches in accordance with 
this embodiment was finally formed. 
[00571 In this embodiment, since the partial pressure 
of Si and the partial pressure of cartxxi are made sub- 
stantially Wentical to each other, a high-quality SiC sin- 
gle crystal can be obtained. Also, since the inner 
peripheral surfaces of the crucible 1 and Si-hol(fing cru- 
cible 3 are formed from diamond-like carbon or glass- 
like carbon as mentioned above, they can restrain natu- 
ral nudeation from occurring in the inner face off the 
upper crucible la. whereby the high-quality SiC sintf e 
crystal can be formed. 

[0058] Also, since a sdkl source off Si is used, the par- 
tial pressure of hydrogen within the crudWe 1 
decreases, whereby there is sii>stantially no problem off 
the SiC single crystal being etched. Further, since no 
unstable gases such as silane are used as the Si 
source, there would be no problems off particles caused 
by decomposition of the gases in the vapor phase. As a 
consequence, a sufficient amount of Si can be sipplied, 
so as to enable high-speed growth, and the SiC single 
crystal can be prevented from degrading due to the par- 
tteles. 



[0059] Also, since the heal shieWs 6 made of graphite 
are disposed outskle the CTudWe 1 . the heat disspalion 
caused by heat radiation can be suppressed. Further, 
since the heal shield 6 comprises a plurality of graphrte 
5 sheets 6a (fisposed with a gap therebetween, so as to 
yieki substantially a cylindrical form as a whole, it can 
suppress the induced current caused by high-frequency 
heating. Also, since a plurality of such heat sWekte 6 are 
disposed radially of the cnidble 1 , the heat dissipation 
and induced current can further be sippressed. 
[0060] Further, since the carbon supply source 15 is 
fonned with the passage holes 15a, the area at wWch 
evaporated Si comes into contact with carbon 
increases, thus allowing Si and carbon to react with 
15 each other effkaently. Further, since the shiekJ 13 for 
regulating Si vapor pressure and the carbon supply 
source 15 are mechanically connected to each other, 
the cartDon supply source 15 moves down as the Si 
source 12 decreases, so that the distance between the 
20 synthesized SiC single crystal and the carbon supply 
source 15 is kepi substantially constant, wrtiereby the 
fonnation of SiC single ayslal can be effected stably for 
a fong period off time. 

[0061] When investigating tiie photoluminescence 
25 characteristic of thus obtained SiC single crystal, its 
peak wavelength was found to be about 490 nm, 
thereby incficating it to be a 6H-type SiC single crystal. 
[9062] Upon Han measurement, eledrfo characteris- 
tics were found to be such that a high-resistance, low- 
30 carrier-density SiC single crystal having a resi^vity of 8 
ncm, a carrier density of about 3 x 10^® cm"* and n- 
type conduction coukJ be synthesized. 
[0063] Further, this bulk off SiC single crystal vtas 
sliced into a vrafer having a tWckness off 400 jun. which 
35 was then polished With diamond grindslone such that 
both skies were mirror^inished. As a result, it was found 
to be homogenous in the whole surface off 2 inches 
ipon visual observation, and polycryslallization from 
edges and light transmissibility of the cryslal were found 
40 to be fiworable at a vwavelength Of 2 to 5 Min. thus indi- 
cating ttlis crystal to be a good crystal Which dW not lake 
a large amount of impurities therein. 
IP064] In this embodiment, as mentioned above, since 
the respective tenperatures of the Si source 12 and 
45 carbon sipply source 15 are separately raised, and 
their vapor pressures are regulated at their con-espond- 
ing optimal temperatures so as to effect synthesis, a 
high tenperature can be set in tiie high-temperature 
area T3 independentiy of the amount of supply of Si, 
50 whereby the SiC single crystal can efficientiy be synthe- 
sized. Also, the Si source 12 and the carbon supply 
source 15 can be made of highly pure materials which 
are inexpensively available as a bulK can greatiy 
reduce ttie concentration of impurities, and can synthe- 
55 size a large^ize. etongated SiC single cryslal. Further, 
since each of the Si source 1 2 and graphite of the car- 
bon supply source 15 is a single element the synthesiz- 
ing condition becomes stable, whereby a high-quality 
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SiC single crystal can be obtained. Also, since ttie seed- 
crystal-supporting rod 9 can be rotated at a speed as 
high as 200 rpm, the in-plane honnogeneity can be 
enhanced, and diffusion can be accelerated, so as to 
raise the growth rate. 

[00651 Though the method of making an SiC single 
crystal and apparatus for making an SiC single crystal 
In accordance with the present invention are explained 
in detail with reference to the above-mentioned embod- 
iment in the foregoing, the present invention should not 
be restricted to the above-mentioned embodiment For 
exanple. as the means for heating the synthesis vessel 
such as crucible, resistance heating or the like may be 
used in place of the RF work coils. Also, it Is not neces- 
sary for the passage holes for Si vapor formed in tiie 
carbon supply source to have a circular cross section, 
and solid carbon may be formed with a sfit as well. 

(Second Embodiment) 



[0066] Fig. 3 is a view showing an apparatus 102 for 
making an SiC single aystal in accordance with this 
enixxliment, whereas Fig. 4 is a sectional view of the 
apparatus shown in Fig. 3 taken atong the IV-IV cfirec- 

tion. . 
[00671 In this apparatus 102. a hot wall 21 , which is a 
cylindrical syrthesis vessel made of graphite, is consti- 
tuted Ijy an upper hot wall 21 a and a lower hot wall 21 b 
each having a cylMrical fbmi. Tlie upper end of the 
upper hot wall 21a is ctosed with a cfisk-shaped lid 22. 
On the other hand, the tower hot wall 21b has a double 
structure in which two cylinders radially align with each 
other with a slight gap ttierebetween. Each of the inner 
peripheral f^ces of the upper hot wall 2 1 a and tower hot 
wall 21b is formed from diamond-like caibon or glass- 
like carbon (gl^y cart)on) having a hig(h smoothness. 
Preferably, the inner peripheral faces of the upper hot 
wall 21a and tower hot wall 21b have a surface rough- 
ness of Rmax < ^0 1*"™- 

[00681 InskJe the lower hot wall 21b. an Si-accommo- 
dating cnjdble (Si^lisposing section) 23. having a bot- 
tomed cylinder form made of graphite, is inserted so as 
to be axially movable with a gap from the tower hot wall 
21bL The lower part of ttie Si-accommodating crucible 
23 is fixedly attached to the upper face of a disk-shaped 
cnidble support 24 which s slidaWe along the inner 
peripheral face of the tower hot wall 21b. whereas a 
cylindrical support shaft 25 connected to a drive source 
not shown is fixedly attached to the center part of the 
lower face of cmcible support 24. Namely, as the sup- 
port shaft 25 moves up and down, the Si-accommodat- 
ing cmcible 23 can move axially. Also, since the support 
shaft 25 has a hollow cylindrical form, the temperature 
of ttie bottom face of ttie Si-accommodating cwcWe 23 
can be measured witii a two-temperature pyrometer. 
[00691 -Rie center parts of ttie support shaft 25. cmci- 
ble support 24, and crucible 23 are provided with an Ar 
gas supply pipe 26 for supplying an Ar gas as a carrier 



gas. Also, the outer periphery of ttie cmcible support 24 
is provided with a plurality of hydrocarbon supply holes 
27 for supplying hydrocarbon as a gas containing car- 
ton which axially penetrate therethrough. 
5 IP070] Within tiie cmcible 23. a solid Si source 28 is 
accommodated. On ttie upper face of ttie Si source 28. 
a disk-shaped shieW 29 for regulating Si vapor pressure 
made of carbon, quartz, or SiC is mounted. The shieW 
29 for regulating Si vapor pressure is formed with a plu- 
10 rality of passage holes 29a axially penetrating tiiere- 
tttrough so as to altow Si vapor to pass therethrough. 
TWs shield 29 is used for regulating tiie area of ttie 
boundary between Si in the melted liquid phase and Si 
in the vapor phase, in order to control the vapor pres- 
15 sure from the Si source 28. 

[00711 To the upper part of the crucble 23, a disk- 
shaped control plate 30 for unifomily supplying Si vapor 
IS fixedly attached. This control plate 30 is made <rf the 
same material as ttie shieW 29. such that the upper end 
20 off a cylinder vertically disposed on the cmdWe 23 is 
provided with adisK which is fomied wHh a plurality cf 
passage holes 30a axially pen^rating therettirough. 
[00721 On the other hand, into the hot wall 21 at the 
upper part thereof, a cylindrical substrate-hoWer-sup- 
2S portmg rod 31 penetrating ttirough the center part of the 
lid 22 is inserted so as to be axially movable. To the 
lower end of the siibstrate-hoWer-supporting rod 31. a 
disk-shaped substrate hoWer (seed-crysteWisposing 
section) 32 is fixedly attached such as to close the lower 
30 end opening tiiereof. To the lower face of the substrate 
hoMer 32, a sUbstrate 33 off SiC single crystal, which is 
a seed crystal, is fixedly att^hed witti a paste made off 
glucose which has beoi merted at a high temperature. 
Since ttie stpport-hoWing rod 31 has a holl ow cylindn- 
35 cal form, the temperature of the substrate 33 can be 
measured with a two-temperature pyrometer. Also, the 
substrate-hoWing rod 31 "is cBsposed such as to be axi- 
ally rotataWe at a speed as high as 1 500 rpm. The outer 
periphery of the lid 22 is provided with a plurality off gas 
40 exhaust holes 34. axially penetrating therethrough, fbr 
exhausting gases. 

[P0731 Outside the hot wall 21. as shown in Fig. 4. 
three pieces off heat shiekte 35 are disposed concentri- 
cally, aligning in racfial directions off ttie hot wall 21. Each 
46 heal ShieW 35 is formed by a plurality off strip-shaped 
graphite sheets 35a dsposed dose to each other with a 
gap therebetween, such as to yieW substantially a cylin- 
drical fonn as a whole, whereas the neighboring heat 
shields 35 are disposed such ttiat their gaps would not 
50 overiap radially. Since the heal shieWs 35 are not 
formed from carbon fiber or porous graphite whfch is 
often used in general and causes irrpurity contamina- 
tion, ttiere is no fear of impurity contamination. 
[00741 Outside the outermost heat shield 35, a cylin- 
55 drical quartz tiibe 36 moie of quartz Is disposed con- 
centrically witti the heal shiekte 35. A coolant such as 
water is allowed to flow through the quartz tube 36, thus 
protecting the latter. Outside the quartz tube 36. RF 
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work coils 37a. 37b. which function as healing means, 
are successively disposed fiom the upper side so as to 
enable high-frequency heating of the hot wall 21 and the 
lika Also, a control section 38 for effecting temperature 
adjustment of the work coils 37a. 37b is connected 
thereto. 

[0075] Here, the hoi wall 21 . heat shields 35. and so 
Ibrth are configured such as to be able to attain a vac- 
uum Slate as a whole within the range sunounded by 
the inner wall of the quartz tube 36. 
[0076] In thus configured apparatus 102, according to 
the command of the control section 38, heating control 
can be effected such that the temperature of the Si 
source 28 is set to ISOO^'C to 1600<»C by the work coil 
37b and the temperature of the substrate 33 is set to 
150(rC to 2200*C liy the work coil 37a. ttomely. this 
apparatus 1 02 is configured such that two areas con- 
sisting of a low-temperature area (first temperature 
area) for the Si source 28 and a hitfi-temperature 
area (second temperature area) for the siA)strate 33 
can be formed within the hot wall 21 . 
[0077] WithreferencetoRg.3.amettiodofmakingan 
SiC single crystal by using thus configured apparatus 
102 for making an SiC single crystal will now be 

explained. * oo«* 

[007S1 First, after tiie Si source 28, the substrate 33 or 

SiC single crystal, and the like were set to ttieir prede- 
tennined positions, the subslrale-hoWer-supporting rod 
3 1 was moved ip to Rfl the substrate 33. the Si source 
28 was owed down togettier with the crucible 23, and 
then evacuation was effected for an hour in the space 
formed inside the inner wall of the quartz tube 36. Sub- 
sequently, an Ar gas was caused to flow into the appa- 
ratus 101 such as to yieW a normal pressure (760 Torr) 
and. with coolant flowing through the quartz tube 36, the 
hot wall 21 was set to 2800*C and baked for an hour, so 

as to effect degassing. 

[00791 Subsecpjentiy. the Si source 28 was moved up 
together with the crucible 23 so as to attain the state 
shown in Rg. 3. the subslrate^iolder-supporting rod 31 
and the substrate 33 were moved down to their prede- 
termined positions, and then, with the substrate-holder- 
supporting rod 31 being rotated at 1 000 rpm. the control 
section 38 was operated to adjust the work coils 37a. 
37b such that the substrate 33 and the Si source 28 
attained tenperatures of about 2300*C and about 
l45a»C. respectively. As the temperature setting is 
effected at such a normal pressure, crystals with inferior 
crystallinity can be prevented from growing. 
[0080] Thereafter, the pressure inside the inner wall of 
the quartz tube 16 was lowered to 5 Torr in the Ar ^s 
atmosphere and. with this State being maintained, the 
Ar gas as the carrier gas was caused toflow from the Ar 

gas supply pipe 26. thereby causing Si vapor to pass 
through the passage holes 29a of the shieW 29 and fur- 
ther through the passage holes 30a of the control plate 
30. Thereafter, Si vapor was reacted with hydrocaibon 
supplied from the hydrocarbon supply hole 27 in the 



vidnrty of the siA>strate 33. Then, the SiC-fonning gas 
generated by the reaction b^een Si and the carbon 
component contained In hydrocarbon was caused to 
reach the siA)Slrate 33. so as to grow an SiC single 
s CTystalon1hesurlaceofthesiA>strate33alarateof100 
^mAi. whereby an epitaxial film of SiC single crystal 
having a diameter of 2 inches and a thickness of 0.5 mm 
in accordance with this entbodiment was finally formed. 
[0081] In this embodiment, by adjusting the amount of 
hydrocarbon supplied from the hydrocarbon supply hole 
u ^r^e..ro rrf A/annratfid Si deternvned by 



27 the partial pressure of evaporated Si determined by 
the heating tenperalure of the work coil 37a and the 
partial pressure of carbon contained in hydrocarbon can 
be made siAslantially identical to each ottier. As a con- 
15 sequence, a highK?uality SiC single crystal can be 
obtained. 

[0082] Further, since the inner peripheral surfaces or 
the upper hot wall 21a and lower hot wall 21b are 
Ibrmed from oiamond-like carbon or glass-like carbon 
20 as mentioned above, they can restrain natural nudea- 
tion from occurring in the inner face of the hot wall 21 . 
whereby a high<|ualfty SiC single crystal can be 
formed. 

[0083] Also, since a solid source of Si is used, the par- 
25 tial pressure of tiydrogen within the hot wall 21 
decreases, whereby there is substantially no problem of 
the SiC single crystal being etched. Further, since no 
unstable gases such as siTane are used as the Si 
source, there would be no problems of particles caused 
30 bydeconpositionofthegasesinthevaporphase.Asa 
consequence, a sufficient amount of Si can be supplied, 
so as to enable high-speed growth, and the SiC single 
crystal can be prevented from degrading due to the par- 
ticle- -u 
35 [0084] Also, since the heat shields 35 made Of graph- 
ite are disposed outside ttie hot wall 21. tiie heat cSssi- 
pation caused by heal radiation can be stressed. 
Further, since the heal sWeW 35 comprises a plurality of 
^hrte sheets 35a disposed with a gap therebetween. 
40 SO as to yieW substantially a cylindrical form as a whole, 
it can suppress the induced current caused by high-fre- 
quency heating. Also, since a plurality of such heat 
shields 35 are disposed radially of the hot wall 21. the 
heat dissipation and induced cunrent can further be sup- 
45 pressed. 

[0085] Also. Si, hydrocarbon, and the like cari De 
made of highly pure materials which are inexpensively 
available, and can greatiy reduce the concentration of 
impurities in the epitaxially grown film. Further, since the 
so substrate^wWer-siworting rod 31 and the substrate 
33 are rotated at 1 00 rpm or over, the film thickness dis- 
tribution can be made uniform, so as to allow the in- 
plane homogeneity to enhance, and diffusion can be 
accelerated, so as to raise the growth rate. 
55 [0086] When investigating the photoluminescence 
characteristic of thus obtained epitaxial film, its peak 
wavelengtti was found to be about 490 nm, thereby indi- 
cating it to be a 6H-type SiC epitaxial film. Also, upon 
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Hall measurement, electric characteristics were found 
to t>e such that a high-resistance. 1owK»rrierKlensity 
epitaxial film having a resistivity of 1000 n cm. a earner 
density of about 3 x 10^^ cm ^ and n-type conduction 
could be synthesized. Further, when the siAslrate on 
the rear side was shaved off so asio investigate the ligW 
transmissibility of this epitaxial film, it was found to be 
favorable at a wavelength of 2 to 5 jim. thus indicating 
this epitaxial f 0 m to be a good crystal which dW not take 
a laige amount of impurities therein. 
rooaT] As explained in the foregoing, in the method of 
making an SiC single crystal and apparatus for making 
an SiC single crystal in accordance vnth the present 
invention, since the temperature of solid Si fe raised 
independently of the temperature of cartxxi. the parta^ 
pressure of Si and the partial pressure of carbon (»n be 

made substantially idenlical to each other, whereby a 
highnquality SiC single crystal can be obtained. 
[00881 From the invention thus described, it will oe 
obvious that the invention may be varied in many v»ays. 
Such variattons are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 

modif ications as woukJ be obvious to one skilled in the 
art are intended for inclusion within the scope of the fol- 
lowing claims. 

aaims 

1. A method of making an SiC sin^eaystal compris- 
ing: 

a disposing step of disposing soM Si within a 
first temperature area and disposing a seed 
crystal of SiC vflthin a second temperature 
area T2 that is higher than said f irst tempera- 
ture area T^; 

an Si-evaporating step of evaporatng Si from 
said first temperature area T^; 
an SiC-forming-gas-generating step of gener- 
ating an SiC-fbrming gas by reacting said evap- 
orated Si and carbon; and 
a singlMryslal-forming step of causing said 
SiC-fbrming gas to reach said seed wyslal so 
as to fbmi sakJ SiC single crystal. 

2. A method of making an SiC single crystal according 
to daiml. wherein: 

solid cart»n is disposed in a third temperature 
area T3 at a tenperature Wgher than that in 
said second temperature area in said dis- 
posing step; 

said Si-forming gas is formed by causing Si 
evaporated in said Si-evaporating step to pass 
through saW third temperature area T3 and 
react with said carbon in said SiC-fbrming-gas- 
generating step; and 

said SiC-fomrang gas is caused to reach said 



seed crystal in said singlMrystal-fbrming step 
to form saw SiC single crystal. 



J, A method of making an SiCsingle crystal accoKfing 
to daim 2, wherein a shieW made of caibon. quartz, 
a SiC is disposed at a boundary between Si m a 
lk)uid phase and Si in a vapor phase in sakJ first 
temperature area Ti. 

said shieU controlfing the vapor pressure of 
sad Si. 

4 A method of making an SiC single crystal according 
to daim 3. wherein said shieW and solid caitoon m 
saw third tenperature area T3 are mechanically 
connected to each other, such that, as said shieW 
changes a position thereof along with a decrease m 
the amount of Si caused by evaporalton of Si m said 

first tenperature area Ti. sakl carbon migrates so 
that the distance between the fonned SiC single 
crystal and saW carbon is kept substantially con- 
stant. 

5 A method of making an SiC single crystal according 
to any one of daims 2-4. wherein said solW carbon 
in saw third temperature area T3 is formed with a 
through hole through vwhich said evaporated Si can 
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A method of making an SiC single crystal according 
to any one of daims 2-5. wrherein said seed crystal 
is a siibstrate of SiC single ayslal. 

A method of making an SiC single crystal according 
to daiml. wherein: 

saw Si and saw seed crystal of SiC are dis- 
posed in a gas containing caibon in saW dis- 
posing step; 

saw evaporated Si is reacted vwth a carbon 
conponent in saW gas to form the SiC-forming 
gas in saW SiC-forming-gas-generating step; 
and 

saw SiC-forming gas is caused to reach saia 
seed crystal in saW single-crystal-fonning step, 
so as to form saW SiC single crystal. 

. A method of making an SiC single crystal according 
to daim 7. v^fherein a shieW made of carbon, qpartz. 
or SiC is disposed at a boundary between Si in a 
IkfuW phase and Si in a vapor phase in saW first 
temperature area . 

saw ShieW controlling the vapor pressure of 
saw Si. 

h A method of making an SiC single crystal according 
to any one of daims 1-8, wherein an argon gas is 
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used as a carrier gas of said Si e^^rated from 
said first temperature area 

10. A method of maldng an SiC single crystal according 
to any one of claims 1 -9. wtierein said seed crystal 
is rotated at 100 rpm a over. 

11 . A method of making an SiC single crystal according 
to any one of claims 1 -1 0. wherein said seed crystal 
is a sii)8trate of SiC single crystal. 

12. A suljstrate of SiC single crystal formed by the 
method of making an SiC single crystal according 
to any of claims 1 toll. 

13. An apparatus for making an SiC single crystal in 
whteh the SiC single crystal is fonned. said appara- 
tus conprising: 



16. An apparatus for making an SiC single crystal 
according to daim 15, further comprising connect- 
ing means for mechanically connecting said shieW 
and sakl solkJ cartx)n to each other. 

5 wherein, as said shiekJ changes a positton thereof 
along with a decrease in said Si caused by evapo- 
ration in said Si-disposing seclfon, said carbon 
migrates so that the distance betwe^ the SiC sin- 
gle CTystel formed on saki seed crystal and sakJ 

10 carbon Is kept substantially constant 

17. An apparatus for making an SiC single crystal 
according to any one of claims 14-16, wherein said 
sold carbon is fonned with a through hole through 

15 whfchsakJ evaporated Si can pass. 

ia An apparatus for making an SiC sintfe crystal 
according to daim 14, wherein an inner face of saki 

... _a ■•■ .^^^ 



an Si-disposing section in virhfoh solid Si is (fis- 20 
posed; 

a seed-crystaWisposing section in whfch a 
seed crystal of SiC is disposed; 
a synthesis vessel adapted to accommodate 
sakl Si-disposing section, said seed-crystal- 2s 
disposing section, and cartx>n; 
heating means adapted to heat said Si-dispos- 
ing section and sakJ seed-crystal-disposing 
section; and 

a control section for transmitting to saw heating 30 
means a command for heating saW Si I0 an 
evaporation temperature of Si or higher and 
heating said seed aystal to a temperature 
higher than that of said Si; 
wherein sakl Si evaporated by sakl heating as 
means Is adapted to reach saki seed-crystal- 
disposing section. 

14. An apparatus for making an SiC single crystal 
according to daim 1 3. wherein: ^ 

solkJ carbon is disposed between said Si-dis- 
posing section and seed-crystrf^isposing sec- 
tion in said synthesis vessel; 
sad control section controls said heating 45 
means such that tiie temperature of sakJ solki 
carbon becomes higher than that of said seed 
crystal; and 

sakl Si evaporated by saW heating means is 
adapted to reach saw seed crystal by way of so 

sakl sofid carbon. 

15. An apparatus for making an SiC single crystal 
according to daim 14, wherein, at an upper face of 
sakl Si disposed in said Si-disposing section.a ss 
shieM made of caitwn. quartz, or SiC having pas- 
sage holes ttiat allow sakl Si evaporated by said 
heating means to pass therethrough is disposed. 



glass-like cartxm. 

19. An apparatus for making an SiC single crystal 
according to daim 14, wherein a heat shIeW made 
of graphite is disposed outeWe sakl synthesis ves- 



20. An apparatus for making an SiC single crystal 
according to any one of claims 14-19, wherein sakl 
heat shield is made of a plurality of rectangular 
graphite sheets disposed dose to each ottier with a 
gap ttierebetween, such as to yieW sitetantially a 
cylindrk:al form as a whde. 

21. An apparatus for making an SiC single crystal 
according to any one of daims 14-20. wherein a 
plurality of said heat shieWs are disposed radially of 
sakl synthesis vessel. 

22. An apparatus for making an SiC single crystal 
according to daim 13. wherein sakl synthesis ves- 
sel is adapted to accomnrwdate a gas containing 
cartoon; 

sakl Si evirated by sakl heating means gen- 
erating ttie SiC-fdrming gas by reacting wflh 
carbon in a carbon component in saW gas, said 
SiC-fbrming gas being adapted to reach sakl 
seed crystal. 

23. An apparatus for making an SiC single crystal 
according to daim 21 . wherein, at an upper face off 
said Si disposed in sakl Si-cfisposing section, a 
shield made of carbon, quartz, or SiC having pas- 
sage holes that allow sakl Si evaporated by sakl 
heating means to pass theretiirough is disposed. 

24. An apparatus for making an SiC single crystal 
according to daim 22, wherein an inner face of sakl 
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synthesis vessel comprises diamoncHike cartwn or 
glass-like cartxm. 

25. An apparatus for making an SiC single crystal 
according to daim 22, wherein a heat shiekJ made s 
of graphite is disposed outside saki synthesis ves- 
sel. 

26. An apparatus for making an SiC single crystal 
according to claim 25, wherein sakl heat shield is io 
made of a plurality of rectangular graphite sheets 
disposed dose to each other with a gap theret)e- 
tween, such as to yieW substantially a cylindrical 
formasawhde. 

IS 

27. An apparatus for making an SiC single crystal 
according to daim 25. wherein a plurality of saW 
heat shiekis are disposed radially of saki synthesis 
vessel. 
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